oronary artery multiple fistulae of the left ventricular chamber are extremely rare congenital malformations, and the clinical and hemodynamic characteristics are not completely clarified. However, one should notice that this anomaly has the possibility of developing into myocardial ischemia and maybe even infarction without stenotic lesions of any coronary arteries because of the coronary steal phenomenon. We report on twin boys who have the identical abnormalities of coronary flow reserve (CFR) as well as the same morphological findings of multiple coronary fistulae from 3 major coronary arteries of the left ventricular chamber. This is the first report on coronary flow characteristics in children with multiple coronary fistulae.
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Case Report
Monozygotic twin brothers, TN and KN, were pointed out left ventricular hypertrophy at 7 years of age by the Kyoto ECG screening program for elementary school students. There were deep Q waves in leads V5 and V6 but each echocardiogram was normal. They have no significant heart murmurs throughout the whole clinical course. At 10 years of age, their ECGs still showed left ventricular hypertrophy but also ST depression in leads II, III, aVF, and V4-V6 after the double Master stress test (Fig 1) . We observed them without treatment because they had no symptoms and no exercise-induced perfusion detected by 201 Tl myocardial scintigraphy. At 13 years of age, their ECG findings both at rest and after treadmill exercise were not different from those that were recorded when they were 10 years of age. The echocardiogram showed a normal upper limit of the left ventricular end-diastolic diameter; 46 mm in TN (109% of normal) and 50 mm in KT (119% of normal) ( Table 1) . We performed a coronary angiography and CFR measurements because they had eagerly desired to participate in competitive sports in junior high school. Informed consent was obtained from both the patients and their parents, and the study was approved by the Committee of Human Research from the Kyoto Prefectural University of Medicine.
Left ventricular angiography revealed mild dilatation of the end-diastolic volume without regional wall motion abnormalities; 176.2 ml (141% of normal) for TN and 164.1 ml (126% of normal) for KN ( Table 1 ). The selective coronary arteriography findings in the 2 brothers were almost identical (Fig 2) . With each coronary injection of a contrast agent, the left ventricular cavity was opacified directly from small vessels in the endocardial muscle of the left ventricle. Communications between the coronary arteries and the left ventricle were observed in the right coronary artery (RCA), in the left anterior descending coronary artery (LAD), and in the left circumflex coronary artery (LCX). In particular, remarkable and multiple fine communications with the left ventricular cavity were observed along the tortuous first posterolateral branch of the LCX (#12). The total number of fine communications seemed slightly greater in TN than in KN.
Coronary artery flow velocity at the RCA (#3), LAD (#6), and LCX (#12) were measured with a Doppler guidewire technique (0.018 inch Flowire and FloMap system, Jomed Inc, CA, USA) using previously described methods. 1, 2 The maximum flow velocity in the coronary artery was obtained by the bolus injection of 1.0 g/kg of adenosine triphosphate disodium (ATP-2Na). Estimations of the coronary artery flow rate (Qc) and CFR were calculated by the following equations: Qc = ( ×d 2 )×0.25×0.5×APV; CFR =APVmax/APVbase where d = vessel diameter, APV = average time of the spectral peak velocity (per min), APVmax = maximum APV after injection of ATP-2Na, and APVbase = APV before injection of ATP-2Na.
The coronary flow rates in each boy were calculated as shown in Table 2 . The dominance of the RCA was obvious from a comparison of the coronary flow rates among the RCA (#3), LAD (#6), and LCX (#12) as well as from the angiographic findings (Fig 1) . It is of interest that the LCX (#12) that had abundant fistulae communicating with the left ventricular chamber showed a higher flow rate than the LAD (#6). The total Qc of TN was higher than of KN (296 and 276 ml/min, respectively). The Qc levels in both boys were at the upper level of normal for adults (150-300 ml/min), but were judged to be high for 13-year-old boys. Table 3 shows the CFR of each coronary artery. The CFR obtained from each LCX (#12) was lower than the normal value matched to the same age group.
Discussion
Coronary fistulae connected to the ventricular cavity have been reported to represent only 3% of all coronary arterial fistulae. 3 In particular, multiple fistulae from all 3 major coronary arteries connecting to the left ventricle are thought to be extremely rare. 4 After the report by Reddy et al, 5 there are at least 74 total cases with multiple fistulae according to our review of the literature, including only 1 report of this condition in children with congenital heart disease, 6 although this anomaly is congenital.
It has been suggested that the persistence of large intertrabecular spaces of the embryonic myocardium is involved in the origin of this abnormality. 4 The sinusoidal intertrabecular network closes with myocardial thickening and forms a capillary network during normal embryonic development.
The retention of this network in the normal heart forms small communications from the coronary arteries through the myocardium as well as the thebesian veins. 3, 7 These veins occur mainly in the right side of the heart but the connections appear, even in normal hearts, between the coronary arteries and the left ventricular cavity. The distinction between normal and abnormal communication is the amount of contrast medium appearing in the left ventricle. 8 In our 2 cases, an unusual amount of contrast medium drained into the left ventricle from the coronary arteries.
Much of the blood flow to the capillaries is bypassed via the arterio-sinusoidal vessels because the normal coronary circulation usually has a greater resistance than the fistulae. As a consequence, a substantial amount of the arterial blood drains by way of these anomalous pre-capillary vessels directly into the left ventricle, resulting in left ventricular 9 Direct evidence of increased blood flow in the coronary artery with multiple fistulae has been observed by intravascular Doppler ultrasound. 10 The total coronary flow volume in each of our patients was at the upper limit of normal for adults. 10 Although we have no data on the total coronary flow rates in normal teenagers, presumably total coronary flow rates in our patients were higher than the normal rates in children. This augmentation of the coronary flow in each boy produced mild end-diastolic dilatation because of the addition of the blood flow shunted through the fistulae to the left ventricular cavity. The enlargement of the left ventricular chamber was mild but seemed to correlate with the development of fistulae as depicted in Table 2 and Fig 2. Myocardial ischemia is among the most commonly reported hemodynamic consequences of multiple coronary fistulae. The incidence of angina has been reported to be higher than the incidence of left ventricular dilatation. 11 The large amount of coronary flow that drains directly to the left ventricular cavity could steal coronary flow away from myocardial muscle. This coronary steal is thought to be essential in the pathogenesis of myocardial ischemia and chest pain. 3, 4, 11 All of the reports on this anomaly showed angina only in adulthood despite the congenital nature of this abnormality. Our patients who had typical multiple fistulae showed possibility of exercise-induced decline of myocardial perfusion in the ECG but had no experience of angina. Flustaci et al speculated that an age-related increase in coronary vascular resistance might impair coronary vascular reserve in the presence of this lesion. 12 The reports that evaluated CFR in children have been limited because, except for Kawasaki disease with the coronary aneurysm, patients with congenital heart disease inducing myocardial ischemia are very rare in the pediatric area. However, from our latest reports, we believe there is a clinical usefulness of the evaluation of coronary blood flow status of children with failing hearts or with hypoxic hearts. 1, 2, 13 We studied the CFR of multiple coronary fistulae for the first time. Although the CFR of each coronary artery was relatively maintained, the LCX (#12) that showed the most obvious flow through the fistulae had the lowest CFR. A sufficient amount of ATP for hyperemia might reach the coronary vascular bed even with the fistula because the shunt flow volumes were small in both patients. However, one must consider that the shunt flow via fistulae is included in both the numerator and denominator of the CFR formula in the patients with coronary fistulae. This means that the calculated CFR from the coronary artery with fistulae is less than from the normal coronary artery even if the blood supply to the myocardium were the same level in both conditions. The decrease of the CFR means the lower hyperemia and/or increase of shunt but suggests, at least, the existence of fistulae that induces the coronary steal phenomenon resulting in the imbalance of oxygen delivery under conditions of increased oxygen demand such as exercise. Stierle et al demonstrated that patients with multiple coronary fistulae showed an increase of myocardial lactate production at peak pacing stress. 11 Ventricular hypertrophy caused by the volume overload from a left-to-left shunt might also increase the possibility of myocardial ischemia. Although the coronary flow imbalance caused by the multiple fistulae might not induce angina at a young age in the absence of stenotic lesions, these patients should be carefully followed as they get older.
The incidence of the same type of congenital heart disease among siblings is rare, even in monozygotic twins. The findings in these twin brothers suggest that multiple fistulae from the coronary arteries to the left ventricular chamber might not be a rare event. Even though angina occurs years later in adulthood, with the addition of some other factors to the fistulae, we should recognize that there are children who are at risk of an imbalance of coronary perfusion. Our experience suggested that the measurement of CFR is useful for the evaluation of coronary function in children with CHD suggesting ischemic lesions.
